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DATE: 

SUBJECT: Follow up 
Resonance and 
Ten Blade Fan 

REFERENCE: 
Fan 

MEMORANDUM 
POWER ICE CORPORAT ON 
IN GENERATING STATION 

TO: 

FILE NO: 

use of a 

29, 1987, Resonance of ing 
caus 

Several months ago a l very test was 
the test 
at their 

on cool fan lA03. The 
showed that the cell s is 
natural resonance 
blade fan system will 
the overall influence 

Fan cell lA03 was 
because of several 

activated. 
three of the seven 
run from the 
mounted in the center 

nt on 
data 
fan 

er was also 
the gear 

the 

Ceramic's 
this resonance 

be lessened. 
, however 

fan hub, 

this vibration test 
blade 

were mounted at the end of 
#1). A cable was then 
power 

(see A 
to the 
With this 

hub and to a 
vibration 

be obtained while the movement could 

The data first was the fan static , 
while air was short circuited the dormant cell. As 
attachment 1 i the three blades were at 
natural blade resonance, 412 cpm. Attachment two indicates 
s 1 waveform of the three blades as the fan was in 
The waveforms have been from acceleration to 
with the ADRE 3 Data ition All values indicated in 
these ied of 10. Attachment 2 
indicates very clearly that each blade ted four 
times during each revolution. Other the waveform 
indicate reaction to other , thus 
creating a fan hub Ie. , and 
careful attention to the reference mark in attachments 
3 - 6, bear this last comment out. The on blade # 5 was 

shortly into test, so data was not available. 
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Mr. Alan 
Bently Nevada 
PO 157 
Minden, Nevada 89423 

ect: Vibration Art 

Dear Alan: 

his which the use of Please find attached 
the ADRE 3 Data isition tem. Please refrain from us 

name i.e. Ceramic, Hudson, or Intermountain Power 

discussion if 
information ease cal 

attachments 
cc:PBT 

P.S. If necessary, 
possible with proper 

may however use my name if I 
and I the data 

ion for your readers. 
would like the to review the 

Should you any further 
(801)864-4414 extension 6483. 

of the company name, I be 
the trusties. 
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Ho .. __ , __ . __ 
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CHI: 2 Bla.de I: 3 
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on 103 t"'pm 

16X 
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v 



COMPANY : IPSC ENGINEER NG 
PLANT ~ UNIT 1 
JOB : Coo 1 i ng T ot,Jer-
MACHINE TRAIN: lAe3 C T~lr 

MACHINE. C.::.ol ing Tower Fan CH# 2 Blade '* 3 
16 OCT 87 138:213:39.8 to 16 87 138 23 59.8 St 

138.23:59 

€I8:23:49 

138 

€I8: 

138"22:59 

138:22:39 

138:22:29 
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138:21:59 
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I , 

1 

1133 

1 

1132 

1133 

1133 

1132 

I 
193 

1133 

1€13 

1133 

1133 

192 

1133 

1€12 

193 

193 

1132 

1132 
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After this t Ceramic removed any 
which were considered be at risk (blades with in the 
neck). Since this work was , there not been another 
failure on Un t 1 If ilures should to occur. then 
blades should be stiffened with addition of foam to the inter 
void. This has been Ceramic and Hudson Fan as the 
most economical and for the 

a ten blade fan to 
the blade resonance. The addition of 

three blades lesson the of the other 
blades in the cell. This occurs because a blade los 
load will be blade on the side of 
fan los load at the same time. Thus the overall fan wobble 
will be lessened. Si 

In Conclusion, 
has been 

blade failures. 
the blades the 
should correct the 

will have no effect 
the fan hub wobbl 

6483. 

attachments 

from eel 2A09. 10, and 
this out. 

referenced in earlier 
as a contributor to the 

failures should occur, then 
of foam in the inter void of the 

Ceramic's use of the ten blade 
on the blade resonance but will 

the seven blade 
contact me at 
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COt'1F'At..J'-j' • I PSC Et-.!G I NEER 1 NG 
PLANT UNIT 1 
JOB REFERENCE" Cooling Tower:Fans 
MACHINE TRAIN: lA03 Clg Twr Fan 

HE: 

08:21:39 

08:21:29 

98:21. 19 

IOE:: 1: 09 

~)8: 20: 59 

108-29:49 

ATTACHMENT # 15 
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COI'1PAN'r' : I PSC ENG I NEER I NG 
PLANT : UNIT 1 
JOB REFEREtiCE: Cool ing Tot.Jer Fans 
MACHH.jE TRAIN: lA03 Cig TI.'-'r Fa>.n 
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COf'1PAN'Y' : I PSC ENI3 I NEER NG 
PLANT R UNIT 1 
JOB REFERENCE- Cooli 
MACHINE TRAIN: lA03 C 
Machine: Cooling Tower Fan 
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COMPANY : IPSC INS PLOT No _____ _ 
PLANT • UHIT 1 
JOB • Towe~ Fans 
"lACHINE TRAIN: 9 T\ .. lr Fan 
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COMPAN'l : I PSC EHr3 
PLANT : UNIT 1 
JOB = Cooli 
MACHINE TRAIN: lA03 C 
t'lachine: Cool ing TO'..Jer F3.n 
16 OCT 87 08:20:49.8 st 

Machine: Cooling Tower Fan 
16 OCT 87 08:20 49.8 
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. . 
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('tACH I NE TRA IN: 
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16 

No ~ __ . __ . __ 

2 Bla.de I: 3 
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CDt1PAN'l' • I PSC Ehll3 I NEERI NI3 
PLANT • UNIT 1 
,JOB REFEREt·~CE. Cool ing TOl.Jer Fans 
MACHINE TRAIN: 1Ae3 C1 Twr Fan 
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1€13 
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192 

102 o .... 
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1013 

102 

103 

103 
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ER 

29, 1987 

Mr. Bruce E. 
of Generation-External 

LADWP 
P.O. Box Ill, Room 1255E 
Los les, CA 90051 

Subject: Resonance of Cool 
failures. 

Tower Fan Blades may be caus 

Dear Mr. 

Attached for 
b resonant 
the fan failures 

is a 
which appear to be the under 

thus far at IGS. 

fan 

tower fan 
cause for 

Please contact Phil Tice at .(801) 864-4414, extension 6460 for any 
or comments. 

Sincere 

File: 01. 03.01 
14.9010 
43. 

Intermountain Power Service ion 

:tdt 

attachment 

cc: R.A. Davis 
J.D. Hamblin 
F. Rusk 
P. 

Brush Wellman Road, Delta, Utah / 

S.G. 
President & Chief ions Officer 

Address: Rt. 1, Box 864, Delta, Utah 84624 / (801) 864-4414 

1 11 



MEMORANDUM 
INTERMOUNTAIN POWER SERVICE CORPORATION 

JANUARY 24, 1987 

TO: D nnis Killian 

FROM: Wes Bloomf Id 

SUBJECT: Resonance exc tation of cooling tower fan blades. 

RE: 1805 Fan Failure Report, 23 December, 1986. 

The cooling tower fan blad s ar be ng exc d at th i natu al 
esonanee fr qu ney. This excitation is probably responsible for the 

bade failur s encountered thus far. Failures will probably contLnue 
on sub standard blades. If failu escalate, Ceramic Cooling Towe 
should be requested to chang the stiffness of the blades 

Each an cell is composed of a fan with seven blades, a gear reduc r 
mounted on a pedestal, and four concrete beams. The concrete beams 
stabilize the fan and gear reduce in the middle of the fan stack 
(Refer to fig. 1). Th gea reducer input and output shaft sp ds 
are 1785 and 103 rpm respectfully. Many vibration tests have been 
per ormed on Unit 1 & 2 fans by using the B n ly Nevada (BN) ab olute 
velocity probe mounted on the gear next to the input drive shaft 
(Shown on fig. 1). 

On several occasions, a vibra ion signa ur of 721 cpm was measured as 
the most significant source of vibration (See attachment 1). A 721 
cpm frequency would he consider d a blade passing frequency. The 
location of th (BN) vibration probe, which is ve y directional 
spec f c, will cause an average signal, magnitude and f equency, to be 
read from the seven blades dur ng ach revolution of th output haft. 
Therefore, s v n b ades at a speed of 103 pm will produce a combined 
blade v b ation signatur~ of 721 cpm. It should be very clear that 
this signature and magn tude are epresentative of th blade system 
and not anyone blad in particular. From this information it was 
determined that something was exciting the blades to vibrate. 

In orde to d t rmine if the individual blade vibration was normal, a 
natural frequency or resonanc test was p rformed on a few cool ng 
tower fan blade in ce 1 2A02. Two types of transducers were used to 
monitor the magn tude and natural frequencies of the blades as they 
were excited. A low f equency bso ute velocity probe was located at 
a position mid span to the blad and an acc leration transducer was 
mounted on the tip 0 the blade. Both transducers were located in 
vertical direction simula to the no mal flow path through the ell. 
The velocity and ac eleration measurement devices indicated a very 
act ve 1st resonance or natural frequency of 408 420 cpm. This test 
was perfo med s veral es to verify its accuracy (see attachments 2 
& 3) 
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At first this frequency component of 408 420 cpm may seem trivial 
information, hut as I will xplain, it has direct baring on the 
hI de ilures, which IPSC has experienced thus far. The fan blades, 
"load up" as they perform their work. This loading up phenomenon is 
caused hy the transportation or movement of a hrough the cell 
This bl d loaded condit n is constant except when passing over one 
of the four concrete hea~ supports in the cell (Refer to f g. 1). 
\4hen a blade s positioned over one of th beams, the air pa h is 
mom ntarily interrupted. This ow interruption actu lly causes a 
brief unloaded condition on the blade. This loss of load occurs four 
times on very blade for each fan revolution. Therefore, each blade 
is excited four times pe revolution. Thi mult plied by a an output 
shaft speed of 103 pm will produc an excitation of 412 cpm. As can 
be seen, the natu al designed shape of the cell will produce an 
xcitation force, wh ch w 11 xcite the natural frequ ncy of the 

blade. This means tha th blade will be excited to vibrate at i~s 

maximum amplitude. Naturally this type of xcitation on the blades is 
not healt A sub-standard blade, which may have inadvertently been 
installed would be especially failure prone. To correct tbis type of 
prohl m would require changing on of the following: 

1) Chang the gear reducer output shaft speed. Move from 103 cpm to 
a f ster or slower speed. 

2) Change the number of concrete heam supports under the fan 
Spacing must he in equal proportions. 

3) Stiffen the fiberglass fan blade to shift the natural frequency to 
a higher value 

As you have 
unrealis ic at 
al rnative. 

alized, two corr ctions are 
The third is the only feasible 

In cone Ius on, the blades are being excited at their maximum natura 
vibration mode. The numb r of blades on the fan has no relevance to 
the excitation force. The most feasible fix would be to epoxy 
me allic leading edge on the blade. Hudson fan should b familiar 
with this process If b1ade failures continu to be a problem, then 
Ceramic should be approached to correct this design ror. Any 
questions or comments may be directed to Wes Bloomfield at ext. 6483. 

Wes Bloomfield 
Reliability Engineer 

cc:P.B.Tice, L.Knudsen, G.Finn gan, C.Lord. G.Rose, J.Pru tt, S.Rus, 
D.Waters, A.Zachary 
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f 

tower tan blade' 

an innovative 10 inslrulllt:utmion 
would be necessary to under
stand and the came of our blade 
f:lilure$, 

782 BNC HI NV 

tQWIi'r !;lell 

Initial Jald Wi,l~ taken in the usual man-
ncr a 
Tran"dueer to the 

drive 

thio; transducer indicated a 
721 l'pm as Ih~ lIIo,s1 ~nurce of 

...... UPSC 

COI]SI()er;:(] a 

because the fan 
the fans seven blades 

It should 

was 
, In order to <I ",II "'"1"Ii 

blade vibration was 
quency or resonance test was 
on " few 

of 

mounted in a vertical H'T .... C" .... 

axis would be in line with the 
t1uw of air the fan. 

finlt !>et data was while 
the fun was in a "static" condition. Each 

Wd.'i excited down on the 
until it reached a 2 

in;;h deflection then the blade 
wus released, Data from both the VC'1 ...... ,rv 

and 

ice has 
In onier 10 observe the 

of the hlades with the tim 
were routetl from the hlade 
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16: 

tion of thr: blades with the fan 
(·ables were route.d from the blade 
where the accelerometers were mounted to 
the center of the fun hub. At the fan a 

of the run-

etc.), 

was selected as 
of the average of the 21 spec" 

This indicates a 
was found to be 

of the fan cell is ~ueh that in 
moue, the fiu} 
",,,,e'i''''''' work. 

This up is caused the move-
ment of air the cell. The loaded 
blaile condition constant when 
the blade passes over one of the 

bcam~ in the cell. 

brief unloaded condition on 
This lo~s of load occurs four times pc·!, tan 
revolution 011 each blade. each 
blade was excited at 4 times the fan 
of 103 which the 4X fre-
quency 41:! cpm. 

As can be secn. the fun cell pro-
vided an excitation fi)rce which excited the 

tFo-,,"',,''''"'V of th~ blades. This meant 
vibrated at a am-

this orbladc c}lcita-
A sub-standard 

have been in::.talled inadver
failure pront::. 

The ob\'j(1uS solution was to the res" 
of the blades. 

782 HI ...... 

2 
Or,rnlnnl sp8ctrum of a 7 bladed Ian showing Cit higb blade passing lrequellCY 

Flgur. :I 
i!iD;i!CU'WI1 of an individual blade natural resonance freqy!;lno;;y 

4 
Wateriall UlCtU",'JIln ""'JWI'''''' speQl'WD. BDJ:nDlea taken at 10 IIlKlond interv(ld, 
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;Ix neqm.n<,y component 101::>9 f91atod to the 1M ceU deljllg~. 

6 
01 the blaae mOl,Ulted ac!:el!~ro:meler. Note: arrow!! indicate when blade is 

£mppm1 beam. 
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